Late axonal sprouting of injured Purkinje cells and its temporal correlation with permissive changes in the glial scar.
Purkinje cells can survive axotomy for as long as 18 months without retracting their severed axons. During this period of time, the fate of the terminal bulbs of axotomized Purkinje cell axons and their relationship with the glial scar were determined. Terminal axonal sprouting begins three months after the lesion and continuously increases up to 18 months (the longest survival time studied), when the sprouts establish synaptic contacts, mainly on granule cell dendrites at the glomeruli. Cellular changes in the glial scar were analyzed to determine whether the late onset and continuous increase of axonal sprouting could be correlated with an increase of permissive factors and/or a decrease of inhibitory factors for axonal growth. Activated macrophages disappeared much earlier than did the initiation of sprouting. Myelin and its associated neurite growth inhibitory molecules began to decrease from three months after the lesion. This decrease was uneven and not correlated spatially with the sprouting. Reactive astrogliosis was heterogeneous: only some of the reactive astrocytes expressed PSA-NCAM, the embryonic form of the neural cell adhesion molecule, a permissive substratum for neurite outgrowth. The expression of PSA-NCAM occurred concurrently with sprouting in the area of gliosis containing Purkinje cell sprouts. Moreover, the ultrastructural study showed that the majority of sprouts (75%) were totally ensheathed by astrocytic processes. Thus, long-term glial scars are permissive to axonal sprouting, suggesting that reactive astrocytes, either through the expression of permissive molecules or by preventing direct contact between axonal elements and myelin inhibitory molecules, regulate the sprouting.